In 1995, Devon Doney published a comprehensive list of germplasm releases, breeding lines, and hybrids that had been developed by USDA ARS plant breeders. Doney's summary has been valuable in documenting the wide range of activities that resulted in useful germplasm resources as well as defining actual germplasm that has contributed to a sustained and profitable sugar beet industry. This report includes Doney's summary tables, as well as updates and extends the list of germplasm resources released over the past 20 years. The purpose and focus of the ARS public breeding effort has changed over the last 75 years from developing and releasing open pollinated cultivars and then hybrid cultivars to a focus on pre-breeding of enhanced germplasm. What has not changed is the close collaboration that the ARS public plant breeders have with private industry breeders. This report details the breadth of germplasm enhancement activities of the five ARS locations currently releasing enhanced germplasm (East Lansing, MI; Fargo, ND; Fort Collins, CO; Kimberly, ID; Salinas, CA). It places these activities in a broader context than often communicated in formal germplasm release notices or germplasm registration articles. Recent germplasm releases are freely available from their developers through the USDA-ARS National Plant Germplasm System. Some of the older germplasm described here may not be directly available, however much of this germplasm has been the foundation of current enhanced germplasm and the
INTRODUCTION
Devon Doney (1995b) published a list of over 800 documented releases and developments of sugarbeet (Beta vulgaris L.) cultivars, germplasm, hybrid parents, and genetic stocks produced by public plant breeders employed by the USDA-ARS. This was done in collaboration with all of the active ARS breeders and was a project requiring 4 years of research and compilation. At this time there was consolidation of field stations and researchers working on sugarbeet. Now, 20 years later, the beet sugar industry, and the ARS research that supports it, is going through another transition and the goals of ARS sugarbeet research programs have been refocused to reflect the changes in plant breeding due to consolidated seed companies, molecular biology, marker aided selection, genomics, and a genetically enhanced crop (Panella et al., 2014) . Table 2 where all available codes (NSSL, PI, Crop Science Registration Numbers), citations, and brief descriptions are given. Numbers with W6 and A(mes) prefixes are Western (Pullman) and North Central (Ames) Regional Plant Introduction numbers, respectively. Below are the codes and abbreviations used in Table 2 
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Sugarbeet breeding, East Lansing, Michigan
The history of sugarbeet variety testing and germplasm development in East Lansing by ARS and Michigan State University is long and rich, and has been recently summarized (Panella et al., 2014) . Early research from the late 1890's to the mid 1940's was primarily 'variety' evaluation (typically open-pollinated (OP) varieties from Europe) for agronomic potential and particularly for stand establishment issues, which in large part resulted from damping-off due to Aphanomyces cochlioides Drechs., for which resistance was developed (Schneider and Hogaboam, 1983) . After WWII, G.J. Hogaboam, a returning B17 pilot, was hired as a Research Agronomist and primarily converted OP varieties to hybrids through development of CMS and O-type maintainers from the Salt Lake City ARS program (Hogaboam, 1957) . Hogaboam worked closely with G.E. Coe (ARS geneticist; Beltsville, MD), who was developing pollinator lines with resistance to Aphanomyces black root (also called 'blackleg') and Cercospora leaf spot (CLS caused by Cercospora beticola Sacc.) as well as improved sugar yield. Together they released US H20 (PI 631354) (Table 2) , perhaps the most important publically-developed Eastern U.S. hybrid.
Hogaboam retired in 1985, and J.C. Theurer (geneticist) was relocated to East Lansing from Logan, UT where he joined J.W. Saunders (geneticist) , who was working with tissue culture and regeneration of clonal plants as well as somatic cell selection for herbicide resistance (Saunders, 1982; Saunders et al., 1992) . Through 1994 when Theurer retired, his major focus was breeding low soil tare (smooth-root, SR) germplasm (Theurer, 1993) . Saunders, until his untimely death in 2000, continued and extended Theurer's work. In 1996, J.M. McGrath was hired as an ARS research geneticist to continue the germplasm enhancement efforts, and he, Saunders, and J.M Halloin (plant pathologist) combined SR with enhanced Cercospora resistance, germplasm enriched for O-type maintainer alleles, and combined resistance to Rhizoctonia crown and root rot (Rhizoctonia solani Kühn). This was a project that Hogaboam had initiated in the late 1970's beginning with Fort Collins, CO ARS germplasm. The East Lansing program has continued this germplasm enhancement legacy, through improvement of the sugar content in SR lines culminating in the release of SR96 and SR97, improved Rhizoctonia resistance, with the release of two germplasms, SR98 and SR98/2, and the discovery Rhizoctonia seedling disease resistance. L.E. Hanson joined the East Lansing program as an ARS sugar beet pathologist in 2007, improving understanding of the major disease pressures faced by Michigan growers, primarily fungal pathogens, and beginning a focus on seedling disease occurrence and developing tools for seedling disease resistance breeding.
Other germplasm enhancement activities included development of Aphanomyces resistance using unadapted, crop wild relatives (CWR) such as sea beet (Beta vulgaris subspecies maritima -Bvm) (EL54). Enhanced germination and emergence under salt and other stresses (EL57) also was investigated, as was increased seed storage longevity under suboptimal storage conditions (EL55), which apparently results from an in-creased sensitivity to abscisic acid leading to protracted dormancy (Waxmonsky and McGrath, unpublished) . More recently, introgression of resistance to sugarbeet cyst nematode (Heterodera schachtii Schm.) from USDA-ARS Salinas-selected germplasm from R.T. Lewellen and K. Richardson resulted in release of EL60 (and others awaiting release, Table 2 ) with good agronomic performance under Michigan SBCN infestation. Conventional population improvement approaches are being augmented by an increased focus on genetics and genomics of characters and traits important for growers and processors.
Beginning in 1998, East Lansing initiated populations that represent 'breeding for genetic analyses' with the goal of understanding the genes and genetics underlying agronomic and disease resistance traits and the genes that define crop use types within Beta vulgaris. A self-fertile, genetic male sterile recipient with good agronomic characters and no known resistances to predominant pathogen pressures in the Eastern U.S. (i.e., C869 from the ARS program in Salinas, CA, and its derivatives) was used as a common seed parent and a series of hybrids were created between East Lansing germplasm releases and other pollinators, and hundreds of these hybrids have been self-pollinated to give F 2 seed. Derivatives of these populations have been released as improved germplasm including TBEL1, an elongated very sweet red beet being developed for the table processing industry. EL54 is an off-shoot of a mapping population with WB 879 (PI 540625) with a novel source of Aphanomyces resistance. Its hybrid, however, was marked by total male sterility and thus inappropriate for creating a mapping population. To date, five populations have been advanced to the F 6 as recombinant inbred lines (RILs) (MSR: C869 x red table beet; AYA: C869 x WB 879 F 3 ::F 6 ; SxR: 7S self-fertile inbred sugarbeet x self-fertile red beet; CRB: C869 x EL50 Cercospora resistant; and RTA: C869 x EL51 Rhizoctonia resistant). Fodder beet, Swiss chard, and high and low sugar populations are in earlier stages of development (e.g. <F 5 of inbreeding). These inbred lines, populated with molecular markers prior to their eventual formal release, will be screened across years and environments to build robust and predictive genetic models of phenotypic characters contributing to agronomic profitability.
Populations and phenotypes are the key to germplasm improvement, however environmental effects often occlude phenotypes making selection inefficient. For this reason, molecular markers are essential to provide context and clarity. Ideally the responsible genes will need to be fully characterized, and the era of next-generation nucleotide sequencing provides an almost inevitable potential to characterize all the genes of sugarbeet. Although still in its infancy, eventually this technology will change growers' thought processes from considering a variety choice to a choice of the ideal genetic packages needed for their particular farming operations. Geneticists at many of the locations are involved in this genome reconstruction in silico, and to date preliminary genome sequences have been obtained for releases FC607 (Brucoleri, Panella, Smigocki, McGrath, unpublished), KDH13 , NCBI accession SRX347469), C869 (Townsend and McGrath, unpublished) , and KWS2320 (http://bvseq.molgen.mpg.de/index.shtml ). Much activity will be centered on gene and genome level analyses over the next 10 years.
Sugarbeet breeding, Fargo, North Dakota
Prior to 1969 there were no USDA-ARS sugarbeet research projects in North Dakota or Minnesota, states that harvested 105,057 hectares, 16% of the U.S. acreage, in 1969 (http://quickstats.nass.usda.gov/). This changed in 1969 when W.M. Bugbee, a pathologist, and R.M. Cressman, a physiologist, were assigned the task of establishing a USDA research program that would benefit the region's expanding industry. D.F. Cole, also a physiologist, replaced Cressman in 1972. Bugbee and Cole focused much of their attention on postharvest storage losses, primarily storage rots and the respiration rate of stored roots (Campbell, 2005a) . They developed and adapted methods to screen for respiration rate and resistance to storage rots and began selecting for resistance and reduced respiration rate. This effort culminated in the release of two germplasm lines, F1001 and F1002 (Table 2) , with resistance to Phoma betae (Oud.) Frank, Botrytis cinerea Pers., and Penicillium claviforme Bainer, and a line with a reduced postharvest respiration rate, F1003.
Breeding for improved postharvest storage traits received increased attention with the addition of a geneticist, L.G. Campbell, to the research unit in 1978. With strong support from the beet sugar industry in Minnesota and North Dakota, six germplasm lines, F1004 to F1009, were released from this program between 1982 and 1988. Since 1985, development of lines with storage rot resistance or low postharvest respiration rates (Campbell and Seiler, 1994) has been deemphasized.
The lack of genetic diversity among commercial sugarbeet lines may increase the vulnerability of the crop to widespread disease epidemics and could impede future improvement (Frese et al., 2001) . Attempts to enhance the genetic diversity of sugarbeet germplasm began at Fargo in 1980 with selection among and within 167 biennial B. vulgaris subspecies vulgaris accessions from the USDA-ARS National Plant Germplasm System's (NPGS) Beta collection (Campbell, 1989) . This effort resulted in the release of five lines, F1010 to F1014, with sucrose concentrations similar to those measured in commercial hybrids at the time. Efforts to introduce exotic germplasm into cultivated sugarbeet expanded after the transfer of D.L. Doney from the sugarbeet research unit at Logan, UT to Fargo in 1982 (Doney, 1993; Biancardi et al., 2012) . Four lines; y317, y318, y322, and y387; Doney selected from sugarbeet crossed with Bvm source populations, were released in 1994. Doney continued to hybridize cultivated lines and wild Beta spp. populations until his retirement in 1996. Earlygeneration selection in the populations that became F1017 to F1023 was under Doney's supervision and approximately 30 populations currently in the Fargo breeding program were formed prior to his retirement. Selection from crosses of L19 with three of the lines released by Doney in 1994 culminated with the release of three germplasm lines (F1030, F1031, and F1032) with enhanced sucrose concentrations.
During his tenure at Fargo, Doney led several wild Beta collecting expeditions, which have increased the diversity within the USDA-ARS NPGS Beta collection substantially. He also had a leadership role in the establishment and initial success of the Sugarbeet Germplasm Committee (originally the Sugarbeet Crop Advisory Committee). Under the guidance of this committee, Beta germplasm evaluation and collection oversight became a model for other crops (Doney, 1995a) .
Selection for soluble non-sucrose constituents of the root, impurity components, (Campbell, 2002) that interfere with sugar extraction (sodium, potassium, and amino-N) and are sometimes used to calculate payments to growers (Hilde et al., 1983 ) was initiated at Fargo by G.A. Smith when he transferred to Fargo from Ft. Collins, CO in 1988 and has continued since his retirement in 1998. Additional selection in a previously selected population from Fort Collins (Smith and Martin, 1989) culminated in the release of F1025, F1026, and F1027 with reduced sodium, potassium, and amino-nitrogen concentrations, respectively, in 2011. Two genetic stocks selected for low (F1028) and high (F1029) amino-nitrogen concentration from a broad based population, F1010, were released in 2013 (Campbell and Fugate, 2013) . The objective of this research was to provide insight into the extent these impurities can be reduced without having negative effects on root yield and sucrose concentration and the interactions among the individual components that may complicate processing quality improvement.
The encouragement and assistance of A.W. Anderson, an Entomologist with North Dakota State University, was invaluable in the establishment of a sugarbeet root maggot (Tetanops myopaeformis von Röder) resistance breeding program in 1983 (Campbell, 2005b; Campbell et al., 2008) . All selection for resistance and root maggot damage evaluations rely on natural infestations in the northern Red River Valley at sites near St. Thomas, ND. The first root maggot resistant germplasm line, F1015, was released in 1996. Since then two lines with improved resistance have been released, F1016 and F1024. Current objectives include searching for additional unique sources of resistance and developing populations that combine root maggot resistance with resistance to prevalent diseases and increased sucrose concentration. F1024, released in 2009, combines a high level of root maggot resistance with moderate resistance to CLS and selection within populations with the potential to introduce resistance to other diseases continues. The conventional breeding methods being employed in the root maggot resistance program at Fargo have been complemented by research into the mechanisms and control of resistance with the collaboration of A.C. Smigocki, USDA-ARS Beltsville, MD (Smigocki et al., 2008) .
Sugarbeet research currently being conducted by USDA-ARS at Fargo is concentrated in three areas, physiology (K.K. 
Sugarbeet breeding, Fort Collins, Colorado
In 1926 Colorado had a greater acreage of sugarbeet than any other state, and, economically, it was the most important farm crop, "the mortgage maker" (Panella et al., 2014) . Production was not without problems, including periodic epidemics of CLS or "the blight". USDA stationed a plant pathologist, D. Stewart, in Fort Collins to work CLS located as a faculty affiliate in the Department of Botany and Plant Pathology at Colorado State University (CSU).
By 1965, when R.J. Hecker (geneticist and plant breeder) joined the USDA-ARS Sugar Beet Research Unit (SBRU), working with G.W. Maag (plant biochemist), G.A. Smith (geneticist and plant breeder), E.G. Ruppel (plant pathologist), S.S. Martin (plant physiologist), and E.E. Schweizer (weed scientist), the research had grown to include development of germplasms with resistance to Rhizoctonia crown and root rot, beet curly top (caused by Beet curly top virus), and storage rots. Hecker and Gaskill's early releases, FC701 and FC702 (Table 2) , provided the source of resistance in many Rhizoctonia-resistant cultivars in use today (Panella and Ruppel, 1996; Panella, 2005) . The CLS resistance breeding program was expanded when G.A. Smith joined the SBRU. He included breeding for resistance to beet curly top combined with CLS-resistance, resulting in the release of the FC600 series of germplasm (Panella, 1998; Panella and McGrath, 2010) . A graduate student working with Tsuchiya and Hecker, Ignacio Romagosa, produced a trisomic series in sugarbeet for the first time (Romagosa et al., 1986; Romagosa et al., 1987) . R.J. Hecker retired in 1992 and L. Panella joined the SBRU as geneticist. He was joined in 2000 by L.E. Hanson after the retirement of E.G. Ruppel. Germplasms that had been initiated by Hecker were finished, including many that had resistance to Rhizoctonia crown and root rot and CLS FC715, FC715CMS, FC710 4X, and FC712 4X, etc.) . Because rhizomania (caused by Beet necrotic yellow vein virus) was an emerging disease in Colorado in the early 1990s, Panella crossed FC germplasms with material from R.T. Lewellen with USDA-ARS at Salinas to incorporate the rhizomania resistance (as well as yellowing virus and curly top resistance) into the Fort Collins germplasm background. Releases from this joint effort include FC201, FC301, FC220, FC221, FC1018, FC1019, FC1020, FC1022, FC1028, FC1036, FC1037, FC10389, FC1740, and FC1741) . Together with McGrath and Hanson, Panella and Lewellen released the Cercospora and rhizomania resistant germplasms, FC1028, FC1036, FC1037, and FC1038. With L.G. Campbell at Fargo and A.C. Smigocki at Beltsville, F1024 with resistance to CLS and sugarbeet root maggot was released.
In the 1990s, the needs of the sugarbeet seed companies began to change and the program at Fort Collins responded by going directly to CWR, especially sea beet, the wild progenitor of sugarbeet, as sources of novel resistance genes Richards et al., 2004; Richards et al., 2013) . The current program is focused on discovering novel sources of resistance, often from CWR, and incorporating it into a sugarbeet genetic background and releasing it to industry breeders in a less "agronomically finished" population than in the past. For example, different sources of resistance to CLS were identified in both annual and biennial sea beet and fodder beet. These sources have been crossed into sugarbeet germplasm and gone through a series of field screenings and progeny selection for leaf spot resistance . These populations are in the stages of final testing and have begun to be released with FC305 (PI 671963).
Another outgrowth of the collaboration with R. T. Lewellen has been the development additional sources of resistance to the sugarbeet cyst nematode (SBCN) found in sea beet . In the transition after Lewellen retired in 2008, Panella used the screening nursery at Brawley, CA, to continue development of germplasms resistant to SBCN, and has continued to work with K. Richardson, R.T. Lewellen's replacement, and the staff at Salinas to screen new sources of resistance. This collaboration continues at both ARS stations and has grown to include collaboration with the Italian group at the University of Padua. A Research project including the University of Padua and both ARS stations has discovered a SNP marker for SBCN resistance (Stevanato et al., 2014b) , which allows the research programs to use marker assisted selection (MAS). In addition to using MAS for SCBN, SNP markers linked to both Rz1 and Rz2 genes for rhizomania resistance have been used (Stevanato et al., 2012) .
The program at Fort Collins does SBCN field screening and selection in Colorado, while the Salinas program continues to screen at Brawley and in the greenhouse. A number of potential new sources of resistance have been discovered in CWR and other domesticated beet types and are being crossed to sugarbeet parents for further selection and testing. Because the SBCN nematode resistance is conferred by a single gene (Stevanato et al., 2014b) , there is a concern that it will be overcome, similar to what has happened with the single gene resistance (Rz1) to rhizomania, therefore there is a strong interest in finding other genes or alleles that confer resistance to SBCN (Williamson and Kumar, 2006; Liu et al., 2005) .
In the course of the GENRES CT95 42 European project (entitled 'Beta: evaluation and enhancement of Beta collections for extensification of agricultural production'), 329 and 368 Beta accessions were screened for resistance to Rhizoctonia crown and root rot in the field and greenhouse, respectively (Luterbacher et al., 2005) . Additionally, there have been 783 accessions of the USDA-ARS NPGS Beta collection screened in the field for resistance to Rhizoctonia crown and root rot (GRIN, 2012) . Seven accessions that were judged resistant were crossed in 2011 to sugarbeet germplasm and are being increased in the greenhouse to provide sufficient seed for testing and selection under field conditions. The current source of resistance continues to be durable in the field but it is complex, difficult to move into new hybrids, and caries a yield penalty. Additionally, there is concern that it may be overcome, and having an alternative source of resistance in development would allow a rapid deployment, if necessary. There also is the potential that another source of resistance could provide transgressive segregation for resistance (Allard, 1960, p. 472) , potentially increasing the protection to the crop.
A major emphasis of the research mission in Fort Collins has been the collection, documentation, characterization, evaluation, and utilization of plant germplasm, especially accessions in the USDA-ARS NPGS. The SBRU has coordinated the effort of the Sugarbeet Crop Germplasm Committee's national evaluation program for accessions in the Beta collection . Because the ARS scientists who evaluate the germplasm are the same researchers who are responsible for the public breeding effort in sugarbeet, the germplasm that is evaluated as resistant is immediately incorporated in pre-breeding efforts. The breeding program at Fort Collins remains focused on discovering novel disease resistance and incorporating it into sugarbeet germplasm for release to private breeders in the U.S. and worldwide.
Sugarbeet breeding, Kimberly, Idaho
The USDA-ARS at the urging of the Idaho sugarbeet growers through the Beet Sugar Development Foundation (Denver, Colorado) established a sugarbeet breeding and pathology research program in 2004 in the ARS station at the Northwest Irrigation and Soils Research Laboratory in Kimberly, Idaho. The first scientists recruited to the program were C.A. Strausbaugh (Research Plant Pathologist) and A.M. Gillen (Research Geneticist). The research objectives were focused on development of germplasm with enhanced disease resistance to beet curly top and other important sugarbeet diseases, good agronomic quality, and improved disease management options. The breeding program integrates modern molecular genetics tools with conventional breeding methods. The research program has identified novel sources of beet curly top, rhizomania, Rhizoctonia crown and root rot resistance, and postharvest performance, which will be incorporated into germplasm releases.
Novel sources of resistance to beet curly top were identified in 14 CWR accessions of Beta corolliflora (Gillen et al., 2008) . Furthermore, molecular analysis established that 9 of these accessions did not carry detectable Beet curly top virus. The high level of resistance in these accessions had not been used previously in breeding programs (Gillen et al., 2008) , and may provide a model system, in which to better understand the resistance to this disease in cultivated beet. Currently, the pathology component of the program uses highly reliable disease screening methods adapted from other sugar beet programs for establishing nurseries for selection for resistance to beet curly top, rhizomania resistance, Rhizoctonia crown and root rot, and postharvest performance (Eujayl and Strausbaugh, 2012; 2014; Mumford, 1974 ; Pierson and Gaskill, top resistant material descended from US1 through US22 to US75; and US15 and US15 x US1 to US56 and C663 (Table 2) . Cytoplasmic male sterility (CMS) used at Salinas was extracted from male-sterile plants in US56. Self-fertile lines were strongly based on curly top resistant developments at Salt Lake City. Non-bolting selection NB1 and the male sterile of NB1 and SLC101mm were used to develop the C562, C563, C564, C566 series and monogerm, O-type parental lines C569, C546, and C718. Emphasis was placed on breeding parental lines or near parental lines that possessed good general combining ability for sugar yield with resistance to beet curly top and downy mildew, caused by Peronospora farinosa f.sp. betae, and that had high non-bolting tendency to accommodate the needs of the Far West and winter plantings. Commercial varieties that were developed included open-pollinated US75, multigerm hybrids USH2 through USH6, and monogerm hybrids USH7 and USH8. These hybrids, followed by USH9, USH10, and USH11 and their commercial near equivalents, were widely grown in the western USA.
With the severe occurrence of virus yellows caused by Beet yellows virus, Beet western yellows virus, and Beet chlorosis virus, the Salinas breeding program was expanded to include resistance breeding to virus yellows. Important breeding and parental lines C13, C17, C36, and C37; C01 and C31, C46, C76-43, C76-89, C76-89-5, C76-89-18, and C81-22; and others were developed and released. These were the basis of the virus yellows resistance in hybrids USH9, USH10, USH11, and many named varieties from the sugar and seed company breeders. After the eruption of Erwinia root rot (caused by Pectobacterium betavasculorum), powdery mildew (Erysiphe polygoni), and lettuce infectious yellows (Lettuce Infectious Yellows Virus vectored by the sweet potato whitefly, Bemisia tabaci), breeding for resistance to these diseases was added to the program. Resistance to virus yellows remained an important component of the overall population improvement and enhancement program. As other breeding objectives and use of Bvm were added, germplasm from the virus yellows resistance program was used as the recurrent parent and consolidated into a number of broadly based germplasms that were released and distributed as C54, C67/2, C69/2, C78/3, C80/2, CY91, CY95, and CY77.
Population improvement was used to 1) develop new open-pollinated varieties and breeding lines, 2) provide superior populations from which to extract new inbred lines, and 3) construct, introduce, and maintain a superior pool of germplasm. The populations were improved by recurrent selection procedures including mass selection and progeny line evaluation and recombination. However, population improvement within the self-fertile material was difficult because recombination after selection could not be controlled. Starting in 1968 at Salinas, populations were developed that combined both self-fertility and genetic male sterility as was being done in sorghum (Doggett populations) (Doggett and Eberhart, 1968) , barley (Suneson, 1956) , soybean (Brim and Stuber, 1973) , and other self-compatible crops, (Bosemark, 1971; Doney and Theurer, 1978; Lewellen and Skoyen, 1987; Panella and Lewellen, 2005) . Self-fertile, genetic male sterile facilitated, random mating populations were developed for both the female (monogerm, O-type) and male (multigerm) sides of sugarbeet hybrid cultivars so that all types of progeny evaluation and recurrent selection could be practiced. The use of S 1 progeny evaluation and recurrent selection was commonly used at Salinas . All of the breeding objectives were encompassed into these populations. After 10 to 40 years of development, on the female side populations such as C310, C789, C859, C769, C790, C890, C869, C842, and C849 were released and distributed. On the male side, populations such as C747, C773, C918, C931, C941, C943, C944, CR11, CR933, CZ25, CN12, and CN72 were released and distributed. In addition, individual lines and families from specific progeny evaluations were selected and released to provide genetic variability to specific traits, for example, to powdery mildew, rhizomania, and sugarbeet cyst nematode (Grimmer et al., 2007; Grimmer et al., 2008; Scholten and Lange, 2000) .
After the early 1980s, a shift, which reflected the changing philosophy of ARS-USDA and the sugarbeet industry in the objectives for public sugarbeet breeding, was made at Salinas that moved the breeding program away from development of finished parental lines and hybrid cultivars to germplasm enhancement and the use of broadly based genetic resources Biancardi et al., 2012) . The use of all genetic resources was then incorporated into the programs at Salinas. Genetic resources included everything from very highly bred, high sugar germplasm devoid of disease resistance to the CWR, especially Bvm. Disease resistant germplasm developed at other ARS and European stations which possessed resistance to Rhizoctonia crown and root rot, Aphanomyces root rot, and CLS was included and collaborative research and breeding were done (e.g., EL0204, FC220, FC221, FC1028, FC1036, FC1037, and FC1038). Much success was achieved by the evaluation and incorporation of germplasm from Bvm. New genes for resistance to rhizomania, sugarbeet cyst nematode, root knot nematode, powdery mildew, etc., were identified Biancardi et al., 2012) . Germplasm or breeding lines were developed, released, and distributed that had one or various combinations of these resistances and resistant factors (Panella et al., 2014) .
(Also see releases from Fort Collins and East Lansing, Table 2 ). These releases also were important as genetic resources from which to develop molecular markers (Francis et al., 1998; Friesen et al., 2006; Gidner et al., 2005; Scholten and Lange, 2000; Grimmer et al., 2007; Grimmer et al., 2008; Yu et al., 2001; Stevanato et al., 2012; Stevanato et al., 2014a; Stevanato et al., 2014b) . Noteworthy among the Salinas releases that contained different degrees of germplasm from Bvm were C48, C50, C51, C58, C67/2, C72, C26, C27, CP01, CP02, CP04, CP06, CP07, CP08, CP09CT, CN12, CN72, C21Bm, and C23Bm.
Resistances to specific diseases and pests were targeted. From the program of M.H. Yu, resistance to root knot nematode (Meloidogyne spp.) was found in two Bvm accessions and transferred to sugarbeet. The most advanced of these lines were released as M1-3 and M6-2. Resistance to from B. procumbens and other hard seeded CWR offered the promise of near immunity to H. schachtii and the partial resistance from Bvm was considered inadequate and still allowed nematode reproduction, it was not fully investigated or exploited (Heijbroek, 1977) . Lewellen observed in some populations developed from crosses between sugarbeet and Bvm for resistance to rhizomania and powdery mildew that when field tested under severe nematode conditions in the Imperial Valley and at Salinas, there appeared to be useful SBCN resistance with reduced cyst reproduction (Lewellen and Pakish, 2005) . This resistance appeared to have dominant gene action and to be inherited fairly simply. In companion tests under severe nematode and non-nematode conditions in the Imperial Valley, this resistance gave moderately high levels of protection against sugar yield losses ( Lewellen and Pakish, 2005; Biancardi et al., 2012) . Partial resistance was found in several different populations and extractions from these populations that had germplasm partially derived from Bvm. These included C51 (aka population R22) and lines such as C927-4 and CN927-202 extracted from it; CP02, CP04, CP06, and CP08; and CN12 and lines extracted from these. The line that contributed SBCN resistance to C51 is not known but could be WB242, one of its components. WB242 is known to be the source of the SBCN resistance as well as the powdery mildew resistance of CP08 and CN12 populations . Resistance to SBCN was also found in other populations (CN72) and lines (CN926-11-3-22, CN921-306) and the relationship to the resistance from WB242 has not been determined. A review of the SBCN resistance program at Salinas is given in the book, Beta maritima: The Origin of Beets . The WB242 SBCN resistance was shown to be inherited as a single gene on chromosome 5 called HsBvm-1 (Stevanato et al., 2014b) .
In 2008, R.T. Lewellen retired after 41 of service as the sugarbeet geneticist in Salinas. K. Richardson was selected to fill the position and joined ARS in September 2008. Objectives of Richardson's research are to continue development and release of germplasm, to identify and utilize desirable traits from CWR, and to combine molecular tools and conventional breeding methods to improve germplasm. The pathogens currently of most concern to California sugarbeet growers are rhizomania and sugarbeet cyst nematode. Dr. Richardson's work focuses on these two pests. She has released some of the SBCN resistant germplasm begun by Lewellen, which included registration of CN12-446, CN12-770, and CN72-652 and deposit into the NCGRP of CN921-515 and CN921-516.
